We present optical observations of the peculiar stripped-envelope supernovae (SNe) LSQ12btw and LSQ13ccw discovered by the La Silla-QUEST survey. LSQ12btw reaches an absolute peak magnitude of M g = −19.3 ± 0.2, and shows an asymmetric light curve. Stringent prediscovery limits constrain its rise time to maximum light to less than 4 days, with a slower post-peak luminosity decline, similar to that experienced by the prototypical SN Ibn 2006jc. LSQ13ccw is somewhat different: while it also exhibits a very fast rise to maximum, it reaches a fainter absolute peak magnitude (M g = −18.4 ± 0.2), and experiences an extremely rapid post-peak decline similar to that observed in the peculiar SN Ib 2002bj. A stringent prediscovery limit and an early marginal detection of LSQ13ccw allow us to determine the explosion time with an uncertainty of ±1 day. The spectra of LSQ12btw show the typical narrow He I emission lines characterising Type Ibn SNe, suggesting that the SN ejecta are interacting with He-rich circumstellar material. The He I lines in the spectra of LSQ13ccw exhibit weak narrow emissions superposed on broad components. An unresolved Hα line is also detected, suggesting a tentative Type Ibn/IIn classification. As for other SNe Ibn, we argue that LSQ12btw and LSQ13ccw likely result from the explosions of Wolf-Rayet stars that experienced instability phases prior to core collapse. We inspect the host galaxies of SNe Ibn, and we show that all of them but one are hosted in spiral galaxies, likely in environments spanning a wide metallicity range.
INTRODUCTION
The discoveries of SN 1999cq (Matheson et al. 2000) and, a few years later, the well-studied SN 2006jc (e.g., Pastorello et al. 2007; Foley et al. 2007 ) revealed the existence of a new group of core-collapse supernovae (CCSNe) with peculiar observational properties: a relatively high peak luminosity (MR ≈ −19 mag), blue colours, and spectra showing relatively narrow (a few thousand km s −1 ) emission lines of He I superposed on typical Type Ic supernova (SN Ic; e.g., Filippenko 1997) spectral features. These observables have been interpreted as signatures of interaction between the SN ejecta and a circumstellar medium (CSM) rich in He (Chugai 2009 , and references therein). Very few SNe of this family (named Type Ibn SNe; Pastorello et al. 2008a) were discovered in the past, but their number has significantly grown in recent years, reaching the current number of 16. These new discoveries are showing that a wide degree of heterogeneity exists in the properties of SNe Ibn. A number of papers studying a variety of SNe Ibn have been published so far, 1 and observations of three recent, unusual SNe Ibn (SN 2010al, SN 2011hw, and OGLE-2013 are published in two companion papers of our team (Pastorello et al. 2015a,b) . It is interesting to note that SN 2011hw, along with another object studied some years ago (SN 2005la ), showed clear evidence of H lines ⋆ andrea.pastorello@oapd.inaf.it 1 Additional publications on this subject include Pastorello et al. (2008a,b) , Mattila et al. (2008) , Smith et al. (2008) , Immler et al. (2008) , Di Carlo et al. (2008) , Nozawa et al. (2008) , Tominaga et al. (2008) , Anupama et al. (2009) , Sakon et al. (2009) , Smith et al. (2012) , Sanders et al. (2013) , Modjaz et al. (2014) , Bianco et al. (2014) , and Gorbikov et al. (2014) . (Pastorello et al. 2008b; Smith et al. 2012; Pastorello et al. 2015a; Modjaz et al. 2014; Bianco et al. 2014) , indicating that their CSM was also moderately H-rich. This led researchers to the conclusion that there is a continuity in properties between SNe Ibn and SNe IIn (e.g., Smith et al. 2012) .
Because of their rarity, early discovery of new members of this class offers an opportunity for improving our understanding of their physical nature. In this respect, the currently running programs for the prompt spectroscopic classification of new SN candidates -such as the Public ESO Spectroscopic Survey for Transient Objects (PESSTO; Smartt et al. 2013 ) and the Asiago Classification Program (ACP; Tomasella et al. 2014 ) -play an important role in providing new SNe Ibn as well as other types of unusual transients.
This paper describes our dataset for two new peculiar stripped-envelope SNe that we propose to be SNe Ibn, and discusses them in the context of what is currently known on the subject.
LSQ12btw and LSQ13ccw were found by the La Silla-QUEST (LSQ) survey (Hadjiyska et al. 2011; Baltay et al. 2013 ) and tentatively classified as SN 2006jc-like (Type Ibn) SNe by the PESSTO collaboration (Valenti et al. 2012; Kangas et al. 2013 ). The former object was discovered on 2012 April 9.04 (UT dates are used throughout this paper), close to the nucleus of the spiral, star-forming galaxy SDSS J101028.69+053212.5 (see Fig. 1 ). SDSS DR3 reports a redshift z = 0.05764 ± 0.00006.
2 Adopting a Hubble constant H0 = 73 km s −1 Mpc −1 (ΩM = 0.27 and ΩΛ = 0.73), we infer a luminosity distance of about 247 ± 16 Mpc (µ = 36.97 ± 0.15 mag). No sign of interstellar absorption within the host galaxy is visible in the SN spectra (see Sec. 2.2), so we consider only the Galactic extinction component for LSQ12btw, Ag = 0.075 mag (Schlafly & Finkbeiner 2011) .
LSQ13ccw was discovered on 2013 September 4.03 near the galaxy 2MASX J21355077-1832599 (also known as PGC 866755; Fig. 1 ). The redshift of the host galaxy was measured through the SN features and the detection of weak and narrow lines of [O III] λλ4959, 5007 from the galaxy. These give z = 0.0603 ± 0.0002 and a luminosity distance of 259 ± 17 Mpc (µ = 37.07 ± 0.14 mag). Since there is no clear spectroscopic evidence (see Sec. 2.2) of host-galaxy absorption, we again adopt only the Milky Way component (Ag = 0.163 mag) as total line-of-sight absorption to LSQ13ccw.
OBSERVATIONS

Photometry
The field of LSQ12btw was repeatedly monitored over the past few years by LSQ and Pan-STARRS1 (PS1) (see Inserra et al. 2013 , for a description of the PS1 3Pi survey, exposure times, and depths). As we will discuss later in this section, there is no previous detection of variability at the SN position. The most recent LSQ image with no detection was obtained on 2012 March 23.12 (JD = 2,456,009.62), while images on March 27.11 (JD = 2,456,013.61) clearly showed the new source. This allows us to constrain the epoch of shock breakout to JD = 2,456,010.0
Even more stringent is the constraint on the explosion epoch for LSQ13ccw. The object was not detected on 2013 August 29.10 (JD = 2,456,533.60), while there are two marginal detections on 2013 August 31.02 and 31.10 (JD = 2,456,535.52 and 2,456,535.60). Two additional images were obtained on September 4, showing the object at peak luminosity. The fast rise to maximum and the marginal detections of August 31 allow us to constrain the time of shock breakout with a small uncertainty, JD = 2,456,534.5 ± 1.0.
Photometric data for LSQ12btw and LSQ13ccw were obtained with Sloan filters, using different instruments available to our collaboration (see footnotes of Tables 1 and  2 for details). The data were reduced following standard prescriptions in the IRAF 3 environment (including bias, overscan, flat-field correction, and final trimming). Additional Johnson B-and V -band observations were obtained for LSQ13ccw using LCOGT facilities and the Liverpool Telescope. Standard fields from the Landolt (1992) and Smith et al. (2002) catalogues were observed during a few photometric nights, and were used to calibrate the magnitudes of several stars (used as local standards; Figure 1 ) in the fields of the two SNe. The magnitudes of each of the two transients were calibrated relative to the average magnitudes of the respective sequences of local standards.
Most PS1 and LSQ observations were obtained through very broad filters. 4 The magnitudes in the original photometric systems of the two telescopes were scaled to Sloan g (LSQ) and Sloan r (PS1) using the magnitudes of Sloan reference stars and the transmission-curve information of the two nonstandard wide passband filters. Finally, Sloan Figure 2 . Left: Optical light curves of LSQ12btw. Right: Optical light curves of LSQ13ccw. B and V light curves were calibrated using the Landolt (1992) catalogue (Vegamag system), while g, r, i, and z light curves were calibrated using the Sloan catalogue (ABmag system). Pastorello et al. (2007 Pastorello et al. ( , 2008a , while those for SN 2009ip are from Pastorello et al. (2013) , Fraser et al. (2013b) , Margutti et al. (2014) , and Graham et al. (2014) . The horizontal dot-dashed line indicates the peak magnitudes of typical SN impostors (e.g., Van Dyk et al. 2000; Maund et al. 2006; Tartaglia et al. 2015) . Notes: Measurements from LSQ and PS1 wide broadband images were first scaled to Sloan g and Sloan r magnitudes, respectively, and then transformed to Johnson V -band magnitudes by applying the relations of Jester et al. (2005) g or r magnitudes were converted to Johnson V by applying the transformation relations of Jester et al. (2005) for blue stars, and using the g − r colour information inferred from photometry obtained on adjacent nights and from the available spectra. The final magnitudes of LSQ12btw and LSQ13ccw are reported in Tables 1 and 2 , respectively, and their multi-band light curves are shown in Figure 2 . The light curves of LSQ12btw are asymmetric, with a fast ( 4 days) rise to maximum light, and a slower post-peak decline. Nonetheless, in analogy to SN 2006jc (Pastorello et al. 2008a) , the decline of the light curve of LSQ12btw is much steeper (on average, γV = 8.4 ± 0.3 mag/100 d) than those observed in canonical SNe Ib/c. We also note that, at phases > 30 days, the decline slightly slows down, possibly marking the transition to the nebular phase. The light curve of LSQ13ccw shows a very rapid rise to maximum light similar to that of LSQ12btw, and a surprisingly fast average decline γV = 13.3 ± 0.2 mag/100 d. The light curve of LSQ13ccw is remarkably similar to that of the peculiar SN Ib 2002bj (Poznanski et al. 2010, cf. Section 3) . With the distances and reddening values adopted in Section 1, the absolute peak magnitudes of LSQ12btw and LSQ13ccw are Mg = −19.3 ± 0.2 and Mg = −18.4 ± 0.2, respectively.
One of the most compelling observational results in recent years is the discovery of outbursts occasionally occurring a short time (weeks to years) before the explosion of interacting SNe (e.g., Pastorello et al. 2007; Mauerhan et al. 2013; Ofek et al. 2013; Fraser et al. 2013a) . We searched for evidence of pre-SN activity in archival images of both LSQ12btw and LSQ13ccw. We inspected deep images of the field of LSQ12btw obtained by the LSQ survey (limiting magnitude of about 22), and by PS1 (limiting magnitude of ∼20) in 2010 March. Deep PS1 and LSQ images were also obtained in 2012 March. All these archive images showed no source detected at the SN position. PS1 observed the position of LSQ13ccw on 19 occasions (when the object fell on good pixels) between June 2009 and seven days before our first discovery epoch in the various grizy filters of PS1. LSQ images were collected from 2012 May to 2012 September, and from 2013 April to August. No pre-SN eruption of LSQ13ccw was detected. Although PS1 and LSQ have made serendipitous discoveries (see, e.g., Fraser et al. 2013a) , the lack of detections at the position of LSQ13ccw and LSQ12btw does not rule out that such outbursts occurred, since the temporal coverage is sparse and the detection limits are not deep enough to detect intrinsically faint transients. This can be visualised by comparing the pre-discovery detection limits of the two SNe with observations of the fields of two well-studied objects showing signs of pre-SN activity: the Type Ibn SN 2006jc in UGC 4904 and the Type IIn SN 2009ip in NGC 7259 (Figure 3 ). The Table 2 . Sloan g, r, i, and z photometry, and Johnson-Bessell B and V photometry, of LSQ13ccw, and associated uncertainties. pre-SN outbursts of SN 2006jc and 2009ip reached an absolute magnitude of about −14, which is below the detection threshold of almost all our observations of LSQ12btw and LSQ13ccw.
Spectroscopy
The faint apparent magnitudes coupled with the rapid evolution did not allow extensive spectroscopic coverage of these two SNe. We obtained two spectra of LSQ12btw and one of LSQ13ccw with the 3.58-m New Technology Telescope (NTT) of the European Southern Observatory (ESO, La 4000 5000 6000 7000 8000 9000 Figure 4 . Post-peak spectra of LSQ12btw and LSQ13ccw are compared with those of the Type Ibn SNe 2011hw (Pastorello et al. 2015a ) and 2006jc (Pastorello et al. 2007) , and of the peculiar SN 2002bj (Poznanski et al. 2010) . The spectra of SNe 2011hw and 2006jc were obtained 24 and 25 days after explosion, respectively, while that of SN 2002bj was obtained 7 days after its discovery, < 2 weeks after the SN explosion. The vertical dashed lines mark the positions of the strongest He I features. The identification of other lines mentioned in the text has been done following Pastorello et al. (2007) and Anupama et al. (2009) . All spectra were corrected for redshift, bringing them to the rest frame. The low signal-to-noise ratio 2013 September 9 spectrum of LSQ13ccw has been rebinned to 9Å per bin. Note: Phases are in days from shock breakout. The resolution is measured from the FWHM of the night-sky lines.
Silla, Chile) equipped with EFOSC2, plus an additional spectrum of LSQ13ccw with the 10-m Keck-II telescope equipped with the DEIMOS spectrograph. Spectra of the two SNe and the flux standard stars were obtained with the slit oriented along the parallactic angle (Filippenko 1982) . Information on the spectroscopic observations is reported in Table 3 . All spectra 5 are shown in Figure 4 , along with those of the Type Ibn SN 2006jc (Pastorello et al. 2007) , the transitional SN Ibn/IIn 2011hw (Pastorello et al. 2015a) , and a spectrum of the peculiar Type Ib SN 2002bj (Poznanski et al. 2010 ). The first spectrum of LSQ12btw, obtained on 2012 April 12 (∼ 20 days after the shock breakout), is the classification spectrum announced by Valenti et al. (2012) . The second spectrum was collected on April 21 (∼ +29 days). Between the two epochs there was little evolution, with the latter spectrum being slightly redder than the former. Both show a blue pseudo-continuum, with a drop in the flux above 5700Å. This pseudo-continuum is a common feature in Type Ibn and other interacting SNe, and has been attributed to blends of Fe II emission lines formed in the shocked material (Smith et al. 2009 (Smith et al. , 2012 . The spectrum shows many of the lines observed in SNe IIn (Fig. 4) , 6 including the broad bump at 6300-6400Å (possibly due to a blend of Si II λ6355, Mg II λ6346, and/or (less likely) [O I] λλ6300, 6364). Another feature at about 7800Å is clearly detected, probably a line blend including O I λ7774. The near-infrared (NIR) Ca II triplet, prominent in SN 2006jc (Pastorello et al. 2007) , is weak or absent. But the most remarkable features are the emissions lines of He I, with a velocity of 4000-4500 km s −1 , as measured from the full width at half-maximum intensity (FWHM) of the He I λ5876 line. The comprehensive line identification, based on the features observed in the higher-quality spectrum of SN 2006jc, is shown in Fig. 4 (Pastorello et al. 2007; Anupama et al. 2009 ). 7 Although we admit that lines with v FWHM ≈ 4000-4500 km s −1 cannot be formally considered to be "narrow," here we consider these velocities as lying in the range of values that are observed in SN Ibn spectra. This is because wind velocities of a few thousand km s −1 are not infrequent in Wolf-Rayet stars. In addition, spectra of well-monitored SNe Ibn such as SN 2010al We also identify narrow, unresolved Hα, Hβ, [O II] λ3727, [O III] λ5007, [N II] λ6584, and [S II] λλ6717, 6731 emissions, which may originate in the interstellar gas unrelated with the SN, or in the slow-moving, unshocked CSM of LSQ12btw. We favour the former explanation, since the SDSS DR8 spectrum of the host galaxy 8 also exhibits these emission features. This is also supported by the facts that the flux ratios between the putative galaxy lines remain approximately constant in the pre-SN SDSS spectrum of the host galaxy and in the two spectra of LSQ12btw, and that the narrow Hα is spatially more extended than the emission attributed to the SN (see Appendix, Figure A1 ).
Two spectra of LSQ13ccw were obtained at similar epochs, on 2013 September 9 (∼ 10.1 days after the adopted explosion time; this spectrum has poor signal-to-noise) and September 10 (∼ 11.4 days). The spectra are very similar, showing a relatively blue continuum with undulations at the shorter wavelengths that can be attributed to Fe II lines. At (Pastorello et al. 2015a ) exhibit a FWHM velocity for the He I lines that grows with time, suggesting an increasing contribution of ejecta/CSM shocked material to the line flux. 8 http://skyserver.sdss3.org/dr8/en/. about 5880Å (rest wavelength) we note a broad feature (vFWHM ≈ 9000-10,000 km s −1 ) with a narrower P-Cygni profile superimposed, very likely a blend of Na I D and He I λ5876. This narrow feature indicates the presence of material moving at a relatively low speed (v ≈ 3400 km s −1 ). Additional broad bumps are detected between 6500 and 6700Å (a blend containing C II λλ6578, 6583, He I λ6678, and possibly Hα), at about 7200Å (a line blend of different species, probably including [Ca II] λλ7291, 7323, C II λλ7231, 7236, He I λ7065, and He I λ7281), and at ∼ 7800Å, observed also in LSQ12btw spectra, and identified as O I λ7774.
The identification of typical He I lines such as λ7065 and λ7281 cannot be firmly confirmed in the two spectra of LSQ13ccw, likely because of blending with lines of other ions, and the presence of a broad telluric absorption band which also may affect the profile of the observed features. However, the blue pseudo-continuum and the detection of fairly narrow He I λ4471, λ5016, and λ5876 lines superposed on broader components suggest that the ejecta are interacting with He-rich CSM, hence supporting the Type Ibn SN classification. In Figure 5 we show the profiles of strong He I lines and the feature at about 6590Å in the 2013 September 9 Keck-II spectrum of LSQ13ccw, along with those of the 2012 April 12 NTT spectrum of LSQ12btw. We remark on the presence of relatively narrow P-Cygni absorptions in the He I features, blueshifted by about 2500 km s −1 from the rest wavelengths.
More controversial is the detection of Hα in the spectra of the two SNe. As stated before, in LSQ12btw the unresolved Hα is very likely produced by background contamination (right panel of Figure 5 , and Figure A1 in the Appendix). In the case of LSQ13ccw, the situation is less clear. Very narrow Hα emission is visible in the 2013 September 10 Keck-II spectrum, but from the two-dimensional spectrum ( Figure A1 ) it is impossible to verify whether this line arises from the SN CSM or from the galaxy background. In addition, we cannot rule out that H contributes to the intermediate-velocity feature centered at about 6590Å in the rest-wavelength spectrum, although this feature appears to be significantly redshifted (by about 30Å) with respect to the Hα rest wavelength. In Figure 5 (right panel), the expected position of the core of the likely predominant C II λλ6578, 6583 emission is also marked. Accounting for these uncertainties, we tentatively suggest for LSQ13ccw a Type Ibn/IIn classification, although its putative Hα feature is slightly weaker than in other SNe Ibn/IIn, and much weaker than that observed in SNe IIn (see Pastorello et al. 2008b; Smith et al. 2012; Pastorello et al. 2015a , and comparison in Figure 6 ).
Some similarity can be also noticed between the spectrum of LSQ13ccw and that of the enigmatic, fast-evolving SN Ib 2002bj (see Fig. 7, and Poznanski et al. 2010) . The main differences are that the spectrum of SN 2002bj is dominated by lines having relatively broad P-Cygni profiles, with C II, S II and Si II features being unequivocally identified (in particular, Si II λ6355 is very prominent), and it does not show the depression at about 5600Å typical of SNe Ibn, which is clearly visible in both LSQ13ccw and SN 2011hw. In the next section, we will address more comprehensively the implications of the similarity of some SNe Ibn with SN 2002bj.
In summary, the main spectral properties of the two SNe are those observed in other Type Ibn events (Figs. 4, 6 , and 7). Differences can be noticed, especially in the widths of the He I lines and in the spectral appearance of the region between 6300 and 6700Å, that indicate a significant degree of heterogeneity in the ejecta/CSM composition. Differences are also observed in the strengths of the O I and Ca II features.
DISCUSSION
We have computed quasi-bolometric light curves, integrating the fluxes in the optical bands at all available epochs. When photometric points in individual bands were missing, their contribution was estimated by interpolating adjacent photometry. The contribution of the missing bands, especially at early epochs, was extrapolated assuming that the colour evolution of both LSQ12btw and LSQ13ccw were similar to those of other SNe Ibn observed at early phases (e.g., SNe 2000er and 2010al; 9 Pastorello et al. 2008a Pastorello et al. , 2015a . The (optical) quasi-bolometric light curve of LSQ12btw is shown in Figure 8 (top), along with those of SNe 2006jc (Foley et al. 2007; Pastorello et al. 2007 , 2008a ), 2010al, and 2011hw (Pastorello et al. 2015a , and those of the Type Ib SN 1999dn (Benetti et al. 2011 ) and the luminous Type Ic SN 1998bw (Patat et al. 2001 , and references therein). The peak luminosity of LSQ12btw, about 6 × 10 42 erg s −1 , is high and comparable to those of other SNe Ibn and the "hypernova" SN 1998bw. Although LSQ12btw is marginally fainter, its light curve is remarkably similar to that of SN 2006jc. In the same Figure 8 (top), we also illustrate the "UVOIR" curve (i.e., including the NIR contribution) of SN 2006jc (Pastorello et al. 2007 (Pastorello et al. , 2008a Foley et al. 2007; Immler et al. 2008; Mattila et al. 2008; Smith et al. 2008; Di Carlo et al. 2008; Anupama et al. 2009 ). It was shown that in SN 2006jc, at phases > 50 days, much of the flux moved to the NIR domain, owing to dust formation in a cool, dense circumstellar shell (e.g., Smith et al. 2008; Mattila et al. 2008 ). We do not have NIR observations to confirm a similar occurrence in LSQ12btw. Lacking observations at phases later than a few months, we cannot properly constrain the amount of 56 Ni synthesised by LSQ12btw. However, based on the striking photometric similarity with SN 2006jc, we argue that the two objects ejected similar amounts of 56 Ni (about 0.3 ± 0.1 M⊙; e.g., Pastorello et al. 2008a) .
In Figure 8 (bottom) the quasi-bolometric light curve of LSQ13ccw (optical bands only) is compared with the corresponding light curves of SNe 2002bj and 2006jc. Although the evolution of SN 2006jc is fast in the optical bands (top of Fig. 8 ), one may notice that LSQ13ccw is even faster, declining in luminosity by 2 orders of magnitude in about 40 days. This rapid evolution is comparable with that experienced by the peculiar, still unique SN Ib 2002bj. However, the spectrum of SN 2002bj is somewhat different from that of LSQ13ccw and other SNe Ibn, since it shows hybrid characteristics between narrow-lined SNe Ia and SNe Ibn. Prominent P-Cygni lines of He I were detected in the earlytime spectrum of SN 2002bj, together with more typical 4000 5000 6000 7000 8000 SN Ia features, such as Si II and S II (Poznanski et al. 2010) never unequivocally detected in SN Ibn spectra. Photometrically it is quite similar to a SN Ibn, with MR ≈ −18.5 mag at peak, and it has a similarly fast-declining light curve. Poznanski et al. (2010) suggested that some of the properties of SN 2002bj resemble those expected for the so-called .Ia SNe 10 (Bildsten et al. 2007; Shen et al. 2010) , but the arguments offered were not conclusive. Although the .Ia SN scenario is plausible for SN 2002bj, some similarity shared with SNe Ibn may suggest further exploration of the corecollapse scenario of massive stars as a viable explanation for this peculiar object.
So far, only 16 objects classified as SNe Ibn have been discovered, including LSQ12btw and LSQ13ccw (Table 4) . Most of these objects show little or no evidence of hydrogen Balmer lines in their spectra, but do exhibit prevalent He lines of different widths, often with narrow components, and a blue pseudo-continuum likely caused by a blend of broad fluorescent lines of Fe. This suggests that SNe Ibn are powered by the interaction of SN ejecta with He-rich CSM, possibly produced during episodic mass-loss events affecting the He-rich layers of the progenitor stars prior to the SN explosion. The precursors of SNe Ibn are likely H-poor WN-type or WCO-type Wolf-Rayet (WR) stars (Pastorello et al. 2007; Foley et al. 2007; Smith et al. 2008; Tominaga et al. 2008) . Narrow H lines are clearly visible both in SN 2005la (Pastorello et al. 2008b ) and SN 2011hw (Smith et al. 2012; Pastorello et al. 2015a) , and link these events to massive stars still having a residual H layer. Smith et al. (2012) proposed that the precursor of SN 2011hw was indeed a star that was transitioning from a luminous blue variable (LBV) phase to an early WR phase. However, we argue that, since the H lines observed in the spectra of LSQ12btw and LSQ13ccw are weak or unrelated to the most recent progenitor evolution (cf. Section 2.2), their progenitors were H depleted at the time of explosion, and these events match a more canonical WN or WCO progenitor scenario.
Observations show a significant degree of heterogeneity within the Type Ibn SN family. In fact, the SN Ibn SN zoo includes objects with fast-evolving light curves (e.g., LSQ13ccw), and objects with a relatively broad light curve resembling those of normal stripped-envelope SNe (e.g., SN 2010al; Pastorello et al. 2015a) . Some others even have double-or multi-peaked light curves (SNe 2005la, 2011hw, and iPTF13beo; Pastorello et al. 2008b; Smith et al. 2012; Pastorello et al. 2015a; Gorbikov et al. 2014) , and at least one object having a very slow late-time luminosity evolution (OGLE-2012-SN-006; Pastorello et al. 2015b ). This variety is probably related to intrinsic differences in the final properties of the progenitors and/or the configuration and composition of their CSM. The existence of transitional 
Supernovae Ibn and their host environment
Thus far, it has never been properly investigated whether there is a connection between the occurrence of rare SNe Ibn, and chemical or morphological properties of their parent galaxies. Table 4 presents basic information on the hostgalaxy properties for all 16 SNe Ibn, and we have homogenised the available (and sometimes sparse) data to common systems. The primary source of the morphological types was HyperLeda, and in a few cases NED or SDSS. In six cases we relied on the deepest images collected during the follow-up campaigns carried out by our team (column 11). Distance moduli were obtained from the Virgo-corrected recessional velocities, assuming H0 = 73 km s −1 Mpc −1 . In four cases 12 we performed detailed photometric analyses to determine Btot, inclinations, and position angles required to derive the deprojected SN relative distances from the nuclei, R0,SN/R25, 13 determined following Hakobyan et al. (2009) . The total absolute magnitudes were estimated using the Galactic extinctions taken from Schlafly & Finkbeiner (2011) , and the internal absorptions from HyperLeda or computed with the same prescriptions. The average oxygen abundance estimates of the hosts (column 9) were computed according to the luminosity-metallicity relation of Tremonti et al. (2004) . With the aim of disentangling possible effects due to radial gradients, we have also computed the metallicity at the SN radial distance. We assumed that Tremonti's metallicity is dominated by the contribution of the innermost regions of the host galaxy, and applied the average radial dependence of the oxygen abundance computed for the nearby sample of spiral galaxies of Pilyugin et al. (2004) . The oxygen abundances at the distances of the SNe are reported in column 10 of Table 4 .
Since none of the host galaxies are closer than the Virgo cluster, none have been studied in great detail. We note that among the 37 stripped-envelope CCSNe (SESNe, including SNe Ib/c and IIb) discovered during the decade 1999-2008 and closer than 30 Mpc (data from the Asiago Supernova Catalog), only SNe 2002ao and 2006jc exhibited easily recognisable He I emission features indicative of interaction with He-rich CSM. Therefore, it seems reasonable to assume that 11 According to the SN classification criteria, an object with these characteristics should be formally designated a SN Icn. 12 The galaxy parameters were determined for SNe 2011hw, LSQ13btw, OGLE-2012-SN-006 and iPTF13beo, CSS140421:142042+031602 13 R 25 is the isophotal radius for the B-band surface brightness of 25 mag arcsec −2 . Note: After the SN and host-galaxy designations (columns 1 and 2), we report the galaxy type (column 3), the redshift (from the Virgo-infall corrected recession velocity, when available; column 4), the distance modulus (assuming H 0 = 73 km s −1 Mpc −1 ; column 5), the total B-band magnitude of the host galaxy (column 6), the absolute total B-band magnitude of the host galaxy corrected for Galactic (Schlafly & Finkbeiner 2011) and internal extinction and K-corrected following the HyperLeda prescriptions (column 7), the R 0,SN /R 25 ratio (see text, column 8), the integrated oxygen abundance of the host galaxy following Tremonti et al. (2004, the relative discovery rate of SN Ibn/SESNe is ∼ 5.4 per cent, implying a relative ratio SN Ibn/CCSNe ≈ 2 per cent.
With a single notable exception, the galaxies hosting SNe Ibn are spirals, suggesting that these SNe are associated with young stellar populations. However, the discovery of the Type Ibn SN PS1-12sk (Sanders et al. 2013) poses new questions on the massive-star scenario for this class of objects. PS1-12sk exploded in the galaxy cluster RXC J0844.9+4258, in the outskirts of the luminous elliptical galaxy CGCG 208-042. The detailed analysis presented by Sanders et al. (2013) on the possible scenario involving degenerate progenitors still leaves some unclarified issues (e.g., presence of He, H, dense CSM, ejected 56 Ni mass, etc.). Though there is no direct evidence of star formation at the site of the explosion, the activity of the nucleus and the indications for the presence of cooling flows suggest that PS1-12sk is one of the rare (but known) cases of CCSNe exploding in early-type galaxies with some residual star-formation activity (Hakobyan et al. 2008) . On the other hand, the major outburst observed in SN 2006jc two years before the SN explosion can be comfortably explained with instabilities in massive stars during the final stages of their life (Smith & Arnett 2014) , while it is hard to explain in a picture where the progenitor is a white dwarf.
The intrinsic luminosities of the host galaxies span a range of over 6 magnitudes, from the dwarf hosts of OGLE-2012-SN-006 and SN 2006jc (MB ≈ −15.8 to −17.3 mag) to the bright spirals hosting SNe 2000er and 2014av (MB −21.5 mag). Such a wide luminosity range is reflected in a large spread of the integrated O abundances of the hosts (via the luminosity-metallicity relation of Tremonti et al. 2004) and the explosion sites (1.3 dex, column 10 of Table 4 ). The available information on the explosion sites, though scanty and based on statistical relations, thus seems to exclude the possibility that metallicity plays a significant role in determining the late-time evolution of the WR progenitors and their explosion as SNe Ibn.
In conclusion, a growing wealth of evidence indicates that the observed properties of SNe Ibn may be consistent with the explosion of massive WR (e.g., Foley et al. 2007; Pastorello et al. 2007; Tominaga et al. 2008) or transitional LBV/WR precursors (Smith et al. 2012; Pastorello et al. 2015a ) that recently enriched their CSM with He-rich material through major eruptive events occurring shortly before the stellar core collapse, although we cannot rule out that binarity may play a significant role in the pre-SN evolution of the progenitor star. The sequence of events preceding core collapse is not fully understood and requires some fine tuning. We eagerly await the explosion of a very nearby SN Ibn, with direct information on the progenitor system, that will help solve the remaining open issues on the nature of this rare SN subclass. Figure A1 . Zoom-in on the Hα region in the highest-resolution two-dimensional spectra of the two SNe: NTT spectrum of LSQ12btw taken on 2012 August 21 (top) and Keck-II spectrum of LSQ13ccw obtained on 2013 September 9 (bottom). Both spectra are shown at the host-galaxy frame.
